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(57) ABSTRACT

Provided is a test apparatus that tests a device under test,
comprising a test module that communicates with the device
under test to test the device under test; and a control apparatus
that executes a plurality of test programs, causes the test
module to perform tests corresponding respectively to the test
programs, receives test results from the test module, and
performs predetermined result processes on the test results.
The control apparatus stores an execution order of the test
programs, and executes at least a portion of the result pro-
cesses in an order indicated by the stored execution order.
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1
TEST APPARATUS AND TEST MODULE

BACKGROUND

1. Technical Field

The present invention relates to a test apparatus and a test
module.

2. Related Art

A test apparatus that tests a device under test (DUT)
includes one or more test modules. Each of the one or more
test modules includes a plurality of testing sections. Each
testing section is connected to a terminal of the DUT via a
transmission line, and tests the DUT by exchanging signals
with the DUT.

Furthermore, the test apparatus includes a site controller
(control apparatus) that controls the test modules. The control
apparatus executes a test program to control operation of the
testing sections connected to the DUT.

Patent Document 1: Japanese Patent Application Publication

No. 2011-154025
Patent Document 2: International Publication WO 2011/

001462

The control apparatus performs a prescribed process for a
test result of each test item. Here, depending on the specifi-
cations of the test apparatus of the test programs, there are
cases where is it necessary to execute specific processes
among these prescribed processes according to the order in
which the corresponding test items were started. However, a
conventional test apparatus processes the test results in the
order in which the test results are received. Therefore, there
are cases where the specific processes are not executed in the
order in which execution of the corresponding test items was
started.

SUMMARY

Therefore, it is an object of an aspect of the innovations
herein to provide a test apparatus and a test module, which are
capable of overcoming the above drawbacks accompanying
the related art. The above and other objects can be achieved by
combinations described in the independent claims. The
dependent claims define further advantageous and exemplary
combinations of the innovations herein. According to a first
aspect related to the innovations herein, provided is a test
apparatus that tests a device under test, comprising a test
module that communicates with the device under test to test
the device under test; and a control apparatus that executes a
plurality of test programs, causes the test module to perform
tests corresponding respectively to the test programs, receives
test results from the test module, and performs predetermined
result processes on the test results. The control apparatus
stores an execution order of the test programs, and executes at
least a portion of the result processes in an order indicated by
the stored execution order.

The summary clause does not necessarily describe all nec-
essary features of the embodiments of the present invention.
The present invention may also be a sub-combination of the
features described above.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a configuration of a test apparatus 10 accord-
ing to an embodiment of the present invention, along with a
plurality of DUTs 300.

FIG. 2 shows an exemplary control flow within a test appa-
ratus 10 and an exemplary signal flow between the test appa-
ratus 10 and a DUT 300, when overlapping tests are executed.

10

15

20

25

30

35

40

45

50

55

60

65

2

FIG. 3 shows an exemplary order of execution of the test
programs when executing overlapping tests.

FIG. 4 shows another example of an execution order of the
test programs when performing overlapping tests.

FIG. 5 shows an exemplary control flow in a test apparatus
10 and exemplary signal flow between the test apparatus 10
and two DUTs 300, when parallel testing is performed in
parallel on DUTs 300 of the same type.

FIG. 6 shows an exemplary assignment of testing sections
32 in a single test module 20 to control apparatuses 18, when
three types of DUTs 300 are tested in parallel.

FIG. 7 shows a configuration of an interface section 34
according to the present embodiment.

FIG. 8 shows exemplary identification information stored
in an assignhment storage section 62.

FIG. 9 shows an exemplary operation of a control appara-
tus 18 when performing parallel testing and overlapping test-
ing.

FIG. 10 shows exemplary entries of an assignment storage
section 62 at a registration step and a registration deletion
step.

FIG. 11 shows an exemplary format of the command trans-
mitted from the control apparatus 18 to the test module 20.

FIG. 12 shows an exemplary connection between a test
module 20 and four DUTs 300.

FIG. 13 shows an exemplary conversion from a logical
address to a physical address performed by the pin map table
66.

FIG. 14 shows exemplary candidates for a physical address
identifying DUTs 300 to be test targets, stored in the DUT
map table 68.

FIG. 15 shows an exemplary process performed by the
AND circuit 72.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Hereinafter, some embodiments of the present invention
will be described. The embodiments do not limit the invention
according to the claims, and all the combinations of the fea-
tures described in the embodiments are not necessarily essen-
tial to means provided by aspects of the invention.

FIG. 1 shows a configuration of a test apparatus 10 accord-
ing to an embodiment of the present invention, along with a
plurality of DUTs 300. The test apparatus 10 of the present
embodiment tests at least one device under test (DUT) 300.

For example, the test apparatus 10 may sequentially test
one DUT 300 at a time. The test apparatus 10 may test the
DUTs 300 one at a time in a continuous series, or may test the
DUTs 300 one at a time in an interrupted series.

The test apparatus 10 includes a plurality of control appa-
ratuses 18, a plurality of test modules 20, a connecting section
24, a system control section 26, and a plurality of editing
apparatuses 28. If only one type of DUT 300 is being tested,
the test apparatus 10 may include one control apparatus 18
instead of a plurality of control apparatuses 18.

Each control apparatus 18 executes a test program to test
the corresponding DUT 300. Each control apparatus 18 cor-
responds to a type of DUT 300. The control apparatuses 18
sequentially execute a plurality of threads 40. Each control
apparatus 18 executes one thread 40 in association with one
test program. Accordingly, each control apparatus 18 can
sequentially execute a plurality of test programs by executing
a plurality of the threads 40.

Each test module 20 is a substrate attached within a test
head, for example. Each test module 20 includes a plurality of
testing sections 32 and an interface section 34.
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Each testing section 32 is connected to a terminal of one of
the DUTs 300. Each testing section 32 tests the DUT 300 by
exchanging signals with the terminal of the DUT 300 to
which the testing section 32 is connected.

Each testing section 32 is assigned to one of the threads 40
of one of the control apparatuses 18. This assignment is
sequentially changed according to the sequential execution of
the threads 40. Each testing section 32 performs a corre-
sponding test according to the assigned thread 40. Each test-
ing section 32 is connected to the DUT 300 corresponding to
the control apparatus 18 to which the testing section 32 is
assigned. In other words, each testing section 32 is controlled
by the test program corresponding to the thread 40 of the
control apparatus 18 to which the testing section 32 is
assigned, and tests the DUT 300 corresponding to the control
apparatus 18 by exchanging signals with the DUT 300.

The testing sections 32 within a single test module 20 may
include testing sections 32 attached to a first DUT 300 and
testing sections 32 attached to a second DUT 300, and may
further include testing sections 32 connected to other DUTs
300. Furthermore, each DUT 300 may be connected to a
different test module 20.

Each interface section 34 receives a command signal from
the corresponding control apparatus 18. The interface section
34 accesses the testing section 32 allocated to a thread 40 of
the control apparatus 18 that sent the command, in response to
the received command. More specifically, upon receiving the
command, the interface section 34 writes the data contained
in the command to an internal register of a testing section 32
designated by the command. The testing section 32 performs
an operation corresponding to the written data, in response to
having data written to an internal register thereof.

When a read command is received, the interface section 34
reads data from the internal register of the testing section 32
designated by the command. The interface section 34 trans-
mits a message including the read data to the thread 40 of the
control apparatus 18 that was the source of the command
transmission.

The connecting section 24 connects the control appara-
tuses 18 to the test modules 20. For example, the connecting
section 24 may be a switch controller that switches the con-
nections between the control apparatuses 18 and the test
modules 20.

The system control section 26 is connected to each of the
control apparatuses 18, and controls the overall test apparatus
10. A universal or specialized high-speed serial bus, for
example, may be used to connect the system control section
26 to the control apparatuses 18.

Each editing apparatus 28 corresponds to a control appa-
ratus 18. Each editing apparatus 28 enables a user to edit the
test programs executed by the corresponding control appara-
tus 18. Each editing apparatus 28 may enable the user to edit
the execution order of the test programs executed by the
control apparatus 18, for example.

The control apparatuses 18 sequentially execute the test
programs for testing the DUTs 300, in order to sequentially
control the operation of the testing sections 32 allocated to the
respective test programs. More specifically, each control
apparatus 18 sequentially executes a plurality of threads 40,
to execute one test program corresponding to each of the
threads 40. The testing sections 32 controlled by the control
apparatuses 18 in this manner exchange signals in parallel
with the DUTs 300 to test the DUTs 300.

In this case, each control apparatus 18 sequentially
executes a plurality of test programs to perform testing inde-
pendently of each other. In other words, each control appara-
tus 18 sequentially executes test programs for performing
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tests that do not depend on each other. Here, the control
apparatuses 18 sequentially execute the test programs such
that a portion of one test program overlaps with a portion of
another test program that is to be executed next after the one
test program (referred to in the Specification as “overlapping
tests”). As a result, when a plurality of tests are performed on
a DUT 300, the testing time can be decreased. The bus pro-
viding the connection between the test modules 20 and the
control apparatuses 18 may be a bus that cannot transmit test
results in parallel.

Each control apparatus 18 is capable of executing a test
program managed by a different user, to control the operation
of'the testing sections 32 assigned thereto. Therefore, the test
apparatus 10 enables the executed test programs to be edited
for individual users via corresponding control apparatuses 18
using corresponding editing apparatuses 28.

FIG. 2 shows an exemplary control flow within a test appa-
ratus 10 and an exemplary signal flow between the test appa-
ratus 10 and a DUT 300, when overlapping tests are executed.
In FIG. 2, the flow of signals for which at least a portion of the
transmission time overlaps is represented by the same number
“timing.” In FIG. 2, the system control section 26, the editing
apparatus 28, and the interface section 34 are not shown. In
order to perform the overlapping tests, a user may prepare a
test program that can execute overlapping tests. The initial
conditions for each thread may be set in this test program.

The control apparatus 18 sequentially executes a first
thread 40-1, a second thread 40-2, and a third thread 40-3
corresponding to a plurality of test programs. The control
apparatus 18 controls testing of the DUT 300 by sequentially
executing the test programs via the testing section 32.

The test module 20 is controlled by the control apparatus
18 to communicate with and test the DUT 300. The test
module 20 transmits the test results of each test program, i.e.
each thread 40, to the control apparatus 18. In other words, the
test module 20 is controlled by the control apparatus 18 to
execute the first thread 40-1 and test a core 42 of the DUT 300.
Next, the test module 20 is controlled by the control apparatus
18 to sequentially test the core 42 of'the DUT 300 by sequen-
tially executing the second thread 40-2 and the third thread
40-3. Furthermore, the test module 20 transmits the test
results of each test program to the control apparatus 18.

The test module 20 includes a first memory bank 31-1 and
a second memory bank 31-2 as memories for storing the test
results for each of the test programs. The testing section 32
tests the core 42 of the DUT 300 using the first thread 40-1,
and stores these test results in the first memory bank 31-1
(timing 1). Next, the testing section 32 tests the core 42 of the
DUT 300 using the second thread 40-2 and stores these test
results in the second memory bank 31-2 (timing 2). While the
testing section 32 tests the DUT 300 using the second thread
40-2 or stores the test results in the second memory bank
31-2, the test module 20 transmits the test results of the first
thread 40-1 stored in the first memory bank 31-1 to the control
apparatus (timing 2). Similarly, the testing section 32 tests the
core 42 of the DUT 300 using the third thread 40-3 or stores
the test results in the first memory bank 31-1 (timing 3). While
the testing section 32 operates according to the third thread
40-3, the test module 20 transmits the test results of the
second thread 40-2 stored in the second memory bank 31-2 to
the control apparatus (timing 3).

In this example, the test module 20 tests the core 42 of the
DUT 300, and stores the test results in the first memory bank
31-1 (or the second memory bank 31-2) while transmitting
the immediately prior test results stored in the second
memory bank 31-2 (or the first memory bank 31-1) to the
control apparatus. As a result, the control apparatus 18 can



US 9,201,750 B2

5

overlap the time period from when testing is begun to when
the test results have been stored with the time period from
when the immediately prior test results are transmitted to the
control apparatus to when the control apparatus 18 processes
these test results. Accordingly, the testing time can be
reduced.

FIG. 3 shows an exemplary order of execution of the test
programs when executing overlapping tests. The test appara-
tus 10 may execute the first thread 40-1 to the third thread
40-3 to respectively perform first to third tests on the DUT
300, for example. The first thread 40-1 to third thread 40-3
control the same testing section 32.

The first to third tests respectively designate the tests per-
formed by the first thread 40-1 to the third thread 40-3. The
first to third tests each have a test execution time period and a
result processing time period. The test execution time period
refers to the time period during which the testing section 32
operates to perform the test, e.g. the time period from a
settling start timing of the testing section 32 to a measurement
end timing. The “settling” may be the operation of perform-
ing setting of the testing section 32 for executing the test.
Furthermore, “settling start” may refer to the timing at which
the control apparatus 18 begins executing the thread 40 cor-
responding to the test. The “measurement” may refer to an
operation of the testing section 32 measuring a signal from the
DUT 300. The “measurement end” may refer to the timing at
which the transmission of the test results from the testing
section 32 to the memory bank 31 is finished. The “test
execution time period” may refer to the time period from
when the test is begun to when the test results have been
stored in the memory bank 31.

The “result processing time period” may refer to a time
period from when the test results stored in the memory bank
31 begin to be transmitted to the control apparatus 18 to when
the control apparatus 18 finishes processing these test results.
For example, the control apparatus 18 may perform a com-
putational process on the received test results, and perform
binning ofthe DUT 300 according to the computation results.
The “binning” may refer to a process of classifying the DUT
300 according to the test results, performed by the control
apparatus 18. For example, the control apparatus 18 may
assign grades to the performance of the DUT 300, according
to the test results.

The test module 20 may begin second test may be begun
such that at least a portion of the result processing time period
for the first test overlaps with at least a portion of the test
execution time period of the subsequent second test, for
example. In other words, the test module 20 and the control
apparatus 18 can store the test results in the first memory bank
31-1 (or second memory bank 31-2) in the test execution time
period of each test, and process the test results of the imme-
diately prior test results via the first memory bank 31-1 (or
second memory bank 31-2) in the test execution time period
of the subsequent test. In this way, the test module 20 stores
the test results corresponding to the sequentially executed test
programs alternately between the first memory bank 31-1 and
the second memory bank 31-2, for each test program.

In the example of FIG. 3, for the first test, the test module
20 starts settling at time t,. The test module 20 ends the
measurement at time t,. In other words, the test execution
time period is from t,, to t,. The test module 20 begins trans-
mitting the test results from the memory bank 31 to the
control apparatus 18 at time t;. The control apparatus 18
performs a computation and binning process on the received
test results, and ends this processing at timet,. In other words,
the result processing time period is from t, to t,.
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For the second test, the test module 20 begins the test
execution time period between time t; and time t,. The test
module 20 in this example starts settling at time t,. The test
module 20 ends the measurement at time t5. In other words,
the test execution time period is from t, to t;. With this pro-
cess, the result processing time period of the first test and the
test execution time period of the second test can be performed
in parallel, thereby decreasing the testing time.

The start of the result processing time period of a test and
the start of the test execution time period of the subsequent
test need not be at the same time as the end of the test
execution time period of the current test. For example, as
shown in FIG. 3, the start of the result processing time period
of'the second test may be delayed, as long as this time period
begins before the start of the result processing time period of
the third test and after the end of the result processing time
period of the second test. In this case, the test module 20
preferably operates such that the test execution time periods
of' the tests are in series. It should be noted that the operation
of the test module 20 is not limited to arranging the test
execution time periods of the tests in series. As long as a
portion of the result processing time period of a previous test
overlaps with a portion of the test execution time period of a
subsequent test, the testing time can be decreased by an
amount equal to this overlap.

Inthis way, by starting execution of a subsequent test using
the first memory bank 31-1 in parallel with the start of trans-
mission of the test results stored in the second memory bank
31-2 to the control apparatus 18, the test module 20 can cause
the result processing time period of the first test to overlap
with the test execution time period of the second test. In other
words, overlapping processing is enabled by causing at least
a portion of a process in the result processing time period of
an immediately prior test to be performed temporally in par-
allel with at least a portion of a process in the test execution
time period.

FIG. 4 shows another example of an execution order of the
test programs when performing overlapping tests. The test
apparatus 10 in this example sequentially executes three test
programs to perform first to third tests. With the test apparatus
10 in this example, a settling process S and a measurement
process M are performed as the processes of the test execution
time period for each test. Furthermore, a transmission process
T, acomputation process C, ajudging process J, and a binning
process B are performed as the processes of the test result
processing time period for each test. The judging process J
may be a process to judge pass/fail of the DUT 300 based on
the computation results of the computation process C. Fur-
thermore, in each test, the test execution time periods of two
threads 40 proceed in parallel to control a single testing sec-
tion 32.

In this example, the transmission processes T of the test
results to the control apparatus 18 are performed in a manner
to not overlap. For example, when the transmission process T
of'the test results corresponding to one of the threads 40 in the
first test is finished, the transmission process T of the test
results corresponding to the other threads 40 in the first test
may begin. Furthermore, while a first result process, e.g. the
computation process C, is being performed on a first test
result, if a second test result corresponding to another thread
40 or test is received, the control apparatus 18 may perform a
second result process, e.g. the computation process C, on the
second test result in parallel with the first result process.

The control apparatus 18 performs each test using the
overlapping processes described in FIGS. 1 to 3. In this case,
it is possible for the order in which each test is started and the
order in which each test is ended to be reversed. For example,
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there may be a case, as shown by the second and third tests of
FIG. 4, where the total of the test execution time period and
the result processing time period of the third test is shorter
than the result processing time period of the second test, and
the end of a test started thereafter is earlier than the end of a
test started prior thereto.

On the other hand, depending on the details of the test
programs of the specifications of the test apparatus 10, for
example, there are cases where it is necessary perform pre-
determined processes among the processes performed in the
result processing time periods in the same order in which the
tests are started. However, as described above, when the over-
lapping processing is performed, there are cases in which
these predetermined processes cannot be performed in the
order in which the tests are started.

The control apparatus 18 of the present embodiment
records the execution order of a plurality of test programs, and
executes at least a portion of the result processes to be per-
formed in the result processing time periods in an order cor-
responding to the stored execution order. For example, the
control apparatus 18 executes the final process to be executed
last in each result process in an order corresponding to the
order of execution of the corresponding test programs. In this
example, among the result processes to be executed in the
result processing time periods, the control apparatus 18 of the
present embodiment executes the binning processes B, which
are the final processes, in an order corresponding to the execu-
tion order of the test programs. For each test, the control
apparatus 18 may detect whether the binning process B cor-
responding to the previous test has been completed, at a
timing at which a process of the test other than the binning
process B ends.

When the processes other than the final process (the trans-
mission process T, the computation process C, and the judg-
ing process J in the present example) among the result pro-
cesses of a test program to be started later are finished before
the final process of a test program that was started earlier, the
control apparatus 18 postpones the execution of the final
process of the test program started later until the final process
of the test program started earlier is finished. In the example
of FIG. 4, at the time when the judging process J of the third
test is finished, the binning process B of the second test is not
yet finished, and therefore the control apparatus 18 postpones
the execution of the binning process B of the third test. After
the binning process B ofthe second test is finished, the control
apparatus 18 performs the binning process B of the third test.

FIG. 5 shows an exemplary control flow in a test apparatus
10 and exemplary signal flow between the test apparatus 10
and two DUTs 300, when parallel testing is performed in
parallel on DUTs 300 of the same type. In FIG. 5, the system
control section 26, the editing apparatus 28, and the interface
section 34 are not shown.

The overlapping tests can shorten the testing time when a
plurality of threads 40 are executed in series by a single
testing section 32. In contrast, testing may be performed by a
plurality of testing sections 32 executing a plurality of threads
40 in parallel.

For example, when each of the threads 40 executes a pre-
scribed test item, if the number of testing sections 32 that can
execute a certain test item is greater than or equal to the
number of corresponding threads 40, the test apparatus 10
uses a plurality of testing sections 32 to perform these threads
40 in parallel. Furthermore, if the number of testing sections
32 that can execute a certain test item is less than the number
of corresponding threads 40, the test apparatus 10 uses the
overlapping testing described above to execute at least two of
these threads 40. A user preferably sets, in the test program, an
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indication of whether each thread 40 is to be executed using
parallel testing or overlapping testing. As another example,
the system control section 26 may make this determination
based on configuration information for the testing sections 32
of'the test apparatus 10 and the test programs provided by the
user. In this case, information relating to the testing sections
32 thatis necessary for executing the test items designated by
the test programs may be stored in advance in the system
control section 26.

The following describes the parallel testing. In this
example, the test apparatus 10 may have the same configura-
tion as the test apparatus 10 described in relation to FIGS. 1 to
3. In FIG. 4, among the overall configuration of the test
apparatus 10, one control apparatus 18, the connecting sec-
tion 24, a first test module 20-1, and a second test module 20-2
are shown. Furthermore, the interface sections 34 in the test
modules 20 are not shown. The control apparatus 18 may test
a first core 42-1 and a second core 42-2 of a DUT 300 at the
same time, for example. In the present embodiment, the con-
trol apparatus 18 includes a first thread 40-1 and a second
thread 40-2.

The first test module 20-1 includes a first testing section
32-1 and a second testing section 32-2, for example. The
second test module 20-2 includes a third testing section 32-3
and a fourth testing section 32-4, for example.

The first testing section 32-1 and third testing section 32-3
are connected to the first core 42-1, and the second testing
section 32-2 and fourth testing section 32-4 are connected to
the second core 42-2.

In this example, the control apparatus 18 executes the first
thread 40-1 and the second thread 40-2 in parallel. Further-
more, the control apparatus 18 assigns a single thread 40 to a
plurality of testing sections 32. The control apparatus 18
allocates each thread 40 to testing sections 32 that are neces-
sary for executing the test items of the thread 40. At this time,
the control apparatus 18 may assign the two testing sections
32 included in a single test module 20 respectively to different
threads 40. Furthermore, a plurality of testing sections 32
included in a single test module 20 may be allocated to the
same thread 40. In this way, the resources of the test modules
20 can be used efficiently, and a plurality of threads 40 can be
executed in parallel.

In the present embodiment, the control apparatus 18
assigns the first thread 40-1 to the first testing section 32-1 and
the third testing section 32-3, and assigns the second thread
40-2 to the second testing section 32-2 and the fourth testing
section 32-4. The control apparatus 18 transmits commands
to the first testing section 32-1 through the fourth testing
section 32-4, to control the operation thereof.

The first test module 20-1 executes the first thread 40-1, to
test the first core 42-1 via the first testing section 32-1. The
first test module 20-1 executes the second thread 40-2 to test
the second core 42-2 via the second testing section 32-2. The
second test module 20-2 executes the first thread 40-1 to test
the first core 42-1 via the third testing section 32-3. The
second test module 20-2 executes the second thread 40-2 to
test the second core 42-2 via the fourth testing section 32-4.

In this way, the control apparatus 18 executes two threads
40 in parallel to test the core 42-1 and the core 42-2 of the
DUT 300 in parallel, and can therefore control the operations
of'the plurality of testing sections 32 corresponding to the two
threads 40 in parallel. The first test module 20-1 and the
second test module 20-2 can test the first core 42-1 and the
second core 42-2 in parallel.

The parallel testing can be combined with the overlapping
testing. For example, after the first thread 40-1, the first test-
ing section 32-1 may execute the third thread 40 in an over-
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lapping manner. Furthermore, each testing section 32 has two
memory banks 31 connected thereto. The testing sections 32
that do not perform overlapping testing store the test results in
predetermined memory banks 31.

The first testing section 32-1 tests the first core 42-1 of the
DUT 300 with the first thread 40-1. The first testing section
32-1 stores the test results in the first memory bank 31-1.
When overlapping testing is performed, the first testing sec-
tion 32-1 then tests the core 42 of the DUT 300 with the third
thread 40, and stores these test results in the second memory
bank 31-2. While testing the core 42 with the third thread 40
and storing the test results in the second memory bank 31-2,
the first test module 20-1 transmits the test results of the first
thread 40-1 stored in the first memory bank 31-1 to the control
apparatus 18.

In the above example, the first testing section 32-1 per-
forms overlapping testing by sequentially executing two
threads 40. However, the first testing section 32-1 may per-
form overlapping testing by sequentially executing three or
more threads 40. Furthermore, a plurality of testing sections
32 may perform overlapping testing in parallel.

In this way, parallel testing and overlapping testing can be
performed in parallel. In other words, the test module 20 can
perform tests of the same thread 40 in parallel for a plurality
of testing sections 32, and can sequentially perform the tests
of a plurality of threads 40 in an overlapping manner for a
single testing section 32.

FIG. 6 shows an exemplary assignment of testing sections
32 in a single test module 20 to control apparatuses 18, when
three types of DUTs 300 are tested in parallel. Each testing
section 32 in a single test module 20 may be allocated to a
different control apparatus 18.

In this case, each testing section 32 in a single test module
20 is connected to one of a plurality of types of DUTs 300. As
aresult, each of the control apparatuses 18 can use each of the
testing sections 32 in the same test module 20 as test resources
for different DUTs 300.

FIG. 7 shows a configuration of an interface section 34
according to the present embodiment. The interface section
34 includes an assignment storage section 62, an input/output
section 64, a pin map table 66, a DUT map table 68, a pointer
storage section 70, an AND circuit 72, and an accessing
section 74.

The assignment storage section 62 stores identification
information indicating sets of a control apparatus 18 and a
thread 40 to which the testing sections 32 of the test module
20 are assigned. Prior to execution of the test programs,
identification information is written exclusively to the assign-
ment storage section 62 by the corresponding control appa-
ratus 18.

The input/output section 64 receives a command sent from
the control apparatus 18. Furthermore, the input/output sec-
tion 64 transmits, to the corresponding control apparatus 18,
a message containing the data read from the testing section
32. The input/output section 64 acquires only the command
sent from the control apparatuses 18 and the threads 40 to
which the testing sections 32 of the test module are assigned,
from among the received commands.

The input/output section 64 supplies the pin map table 66
with the logical address contained in the acquired command.
The logical address is an address indicating a terminal of the
DUT 300, for example. The input/output section 64 supplies
the pin map table 66 and the DUT map table 68 with a site
number and a context number contained in the acquired com-
mand. The site number distinguishes each control apparatus
18 from the other control apparatuses 18, and the context
number distinguishes each thread 40 from the other threads
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40. A detailed description of the command content and the
processing of the input/output section 64 is provided in rela-
tion to FIG. 11.

The pin map table 66 stores a connection relationship
between each terminal of the DUT 300 and the testing sec-
tions 32 of the test module 20. Upon receiving the logical
address, the pin map table 66 references the connection rela-
tionship and outputs a physical address that identifies one or
more testing sections 32 connected to the terminal of the DUT
300 indicated by the logical address.

The pin map table 66 records the connection relationship,
i.e. the type of the connected DUT 300, for each control
apparatus 18, and may output a physical address by switching
the connection relationship referenced for each control appa-
ratus 18 that receives a command. Furthermore, the pin map
table 66 stores the connection relationship for each thread 40,
and may output a physical address by switching the connec-
tion relationship referenced for each thread 40 that sends a
command. The pin map table 66 is described in further detail
with reference to FIGS. 12 and 13.

The DUT map table 68 outputs a physical address that
identifies the testing sections 32 connected to the terminal of
the DUT 300 that is a target for testing, in the DUT 300
connected to the test module 20. For example, the DUT map
table 68 may store a plurality of candidates for physical
addresses identifying one or more terminals of one or more
DUTs 300 (referred to simply as a “DUT map™) to be test
targets. Each of the candidates in the DUT map stored by the
DUT map table 68 corresponds to a set of a site number and
a context number. The DUT map table 68 outputs the DUT
map corresponding to the set of the site number and the
context number contained in the command acquired by the
input/output section 64, from among the candidates. More
specifically, the DUT map table 68 stores a plurality of can-
didates for physical addresses that identify testing sections 32
connected to the DUT 300 serving as the test target, and
outputs the physical address designated by a pointer stored in
the pointer storage section 70. A further description of the
DUT map table 68 is provided with reference to FIG. 14.

The pointer storage section 70 stores pointers that desig-
nate DUT maps to be output, from among the candidate DUT
maps stored by the DUT map table 68. The pointer storage
section 70 stores a pointer for each control apparatus 18, i.e.
for each type of connected DUT 300, and may switch the
pointer and output a DUT map for each control apparatus 18
that has received a command. Furthermore, the pointer stor-
age section 70 stores a pointer for each set of a control appa-
ratus 18 and a thread 40, and may perform output by switch-
ing the pointer to the set of a thread 40 and a control apparatus
18 that has received a command, according to the set of a site
number and a context number contained in the command. As
a result, the pointer storage section 70 can switch to a set of a
control apparatus 18 and a thread 40 to output, from the DUT
map table 68, a DUT map indicating a terminal of the DUT
300 to serve as a test target. Prior to the execution of the test
programs, each pointer is written to the pointer storage sec-
tion 70 by the corresponding control apparatus 18. Further-
more, prior to the execution of the test programs, information
indicating the correspondence between the sets of a site num-
ber and a context number and the corresponding pointers (or
DUT maps) is written to the pointer storage section 70 from
the corresponding control apparatus 18. This information
may be set in the control apparatuses 18 by a user, for
example.

The AND circuit 72 outputs physical addresses that iden-
tify only the testing sections 32 corresponding to terminals
designated by the DUT map output from the DUT map table
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68, from among the one or more testing sections 32 desig-
nated by the physical addresses output from the pin map table
66. More specifically, the AND circuit 72 calculates, for each
bit, the AND of the physical addresses output from the pin
map table 66, i.e. the physical addresses identifying testing
sections 32 connected to terminals that are control targets,
and the physical addresses output from the DUT map table
68, i.e. physical addresses indicating testing sections 32 con-
nected to the DUTs 300 that are test targets. In this way,
during testing, the AND circuit 72 can output physical
addresses indicating testing sections 32 that are to exchange
signals with the DUTs 300. Furthermore, the DUT 300 that is
a test target can be switched for each thread 40. The AND
circuit 72 supplies the accessing section 74 with the calcula-
tion results, as an output address. A description of an exem-
plary process performed by the AND circuit 72 is provided
with reference to FIG. 15.

The accessing section 74 accesses the testing section 32
identified by the output address from the AND circuit 72, in
response to the command acquired by the input/output sec-
tion 64. For example, the accessing section 74 may write the
data contained in the command acquired by the input/output
section 64 to the internal register in the testing section 32
identified by the output address from the AND circuit 72. In
this way, a testing section 32 having data written to the inter-
nal register therein can perform an operation corresponding
to the written data.

When the command acquired by the input/output section
64 is a read command, the accessing section 74 also replies to
the testing section 32 designated by the output address from
the AND circuit 72. When the acquired command is a read
command, the input/output section 64 transmits the message
containing the data received from the accessing section 74
back to the control apparatus 18 that sent the command.

The accessing section 74 accesses the memory bank 31 in
response to the command acquired by the input/output sec-
tion 64. For example, the accessing section 74 switches the
memory bank 31 that receives the data using a bank switching
signal contained in the command acquired by the input/output
section 64. As a result, the memory banks 31 can output the
data stored therein in an alternating manner.

In the manner described above, the interface section 34 can
acquire the commands sent from the control apparatus 18.
The interface section 34 can then access the testing section 32
assigned to the thread 40 of the control apparatus 18 that sent
the acquired command, according to the acquired command.

The interface section 34 can access testing sections 32
testing one or more devices under test corresponding to sets of
a site number and a context number, from among one or more
devices under test designated as test targets by the received
command, using the DUT map table 68, the pointer storage
section 70, and the AND circuit 72. In other words, the inter-
face section 34 masks access to devices under test other than
the one or more devices under test corresponding to sets of'a
site number and a context number, from among one or more
devices under test designated as test targets by the received
command. The interface section 34 may perform the above
operations in both parallel testing and overlapping testing.

FIG. 8 shows exemplary identification information stored
in an assignment storage section 62. The assignment storage
section 62 may have a plurality of entries storing identifica-
tion information, for example.

A site number is allocated to each of the control appara-
tuses 18 to distinguish the control apparatus 18 from other
control apparatuses 18. A context number is allocated to each
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of the threads 40 executed by each control apparatus 18, to
identify the thread 40 from other threads 40 within the control
apparatus 18.

The identification information is expressed by a set of a site
number for identifying a control apparatus 18 and a context
number for identifying a thread 40. Each entry of the assign-
ment storage section 62 stores identification information
expressed by such a set of a site number and a context number.

Prior to the execution of a thread 40 corresponding to a new
test program, each control apparatus 18 writes the identifica-
tion information, i.e. the set of a site number and a context
number, for identifying the control apparatus 18 and the
thread 40 to the assignment storage section 62 of each test
module 20 having a testing section 32 controlled by the thread
40, i.e. a testing section 32 used as a resource. In this case,
each control apparatus 18 sequentially accesses the corre-
sponding assignment storage section 62 from the first entry to
find an empty entry, and stores the identification information
in the first empty entry found.

Each control apparatus 18 exclusively accesses the corre-
sponding assignment storage section 62, and stores the iden-
tification information therein. Furthermore, when the execu-
tion of a thread 40 corresponding to a test program is finished,
each control apparatus 18 deletes the identification informa-
tion for identifying this thread 40 and control apparatus 18
from the entry in the assignment storage section 62. As a
result, the interface section 34 can prevent the same testing
section 32 from being used simultaneously by two or more
different threads 40.

FIG. 9 shows an exemplary operation of a control appara-
tus 18 when performing parallel testing and overlapping test-
ing. Parallel testing is described first. This example describes
a case in which different testing sections 32 execute threads
40 (#2 and #3) in parallel. Each thread 40 executes the pro-
cesses of steps S11 to S16 described below. First, at step S11,
each thread 40 newly acquires its own context number. In this
case, each thread 40 acquires a number that is different from
the numbers of other threads 40 within the control apparatus
18.

Next, at step S12, each thread 40 writes its own identifica-
tion information, i.e. a set of a site number and a context
number, to the assignment storage section 62 of the test mod-
ule 20 included in the testing section 32 to perform access, i.e.
the testing section 32 to be used as a resource. In this case,
each thread 40 exclusively stores its own identification infor-
mation at the first empty entry that appears, starting from the
first entry in the assignment storage section 62. As a result,
each thread 40 can be registered without the same testing
section 32 being used by two or more different threads 40.

Next, at step S13, each thread 40 executes the test program.
As a result, test programs are executed respectively by the
threads 40, and therefore the control apparatus 18 can execute
a plurality of test programs in parallel.

When the process of step S13 is finished, at step S14, each
thread 40 deletes its own identification information from the
assignment storage section 62 of the test module 20 including
the testing section 32 used for access. As a result, each thread
40 can free up the testing section 32 used as a resource to be
used by another thread 40.

Next, at step S15, each thread 40 processes the test results.
Specifically, the test module 20 transmits data to the control
apparatus 18, for example.

Next, at step S16, each thread 40 clears the acquired con-
text number. When the process of step S15 is finished, each
thread 40 ends the parallel processing. In the manner
described above, the control apparatus 18 can execute a plu-
rality of test programs in parallel.
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The following describes overlapping processing. This
example describes a portion that differs from the parallel
processing, in which the same testing section 32 sequentially
executes different threads 40 (#2 and #4).

Each thread 40 exclusively stores its own identification
information at an empty entry in the assignment storage sec-
tion 62. It should be noted that the thread 40 (#2) executes the
processes of steps S13 and S14 first. Then, after the thread 40
(#2) has finished the processes of steps S13 and S14, the
thread 40 (#4) executes the process of step S13. For example,
the thread 40 (#4) executes the process of step S13 in parallel
with the thread 40 (#2) executing the process of step S15. In
this way, each thread 40 can execute the processes such that a
portion of the time used for the result processing (S15) of the
earlier thread 40 (#2) overlaps with the time used for the test
execution (S13) of the subsequent thread 40 (#4).

FIG. 10 shows exemplary entries of an assignment storage
section 62 at a registration step and a registration deletion
step. FIG. 10 shows the entries in the registration step of S12
in FIG. 9 and the entries at the deletion step of S14 of the
thread 40 (#4). At step S12, each ofthe threads 40 respectively
writes (1, 2) (1, 3) and (1, 4) as a set of (site number, context
number) to the corresponding entry of the assignment storage
section 62 of the test module 20 including the testing section
32 used for access. At step S14 of each thread 40, the set of
(site number, context number) written previously is deleted.

FIG. 11 shows an exemplary format of the command trans-
mitted from the control apparatus 18 to the test module 20.
Each control apparatus 18 generates a command with a for-
mat such as shown in FIG. 11, and transmits the command to
the corresponding test modules 20.

The command may include a site number, a context num-
ber, a module number, a R/W flag, alogical address, data, and
a bank switching signal, for example. The site number iden-
tifies the control apparatus 18 that transmitted the command.
The context number identifies the thread 40 that sent the
command in the control apparatus 18. The module number
identifies the test module 20 that is the transmission source of
the command.

The R/W flag identifies whether the command is a read
command or a write command. The logical address is infor-
mation designating locations of one or more terminals of a
DUT 300, and indicates the testing sections 32 to be con-
trolled by the command. The data is information such as the
commands to be provided to the testing sections 32 connected
to the terminals designated by the logical address. This data is
written to the internal registers of the testing sections 32
connected to the terminals designated by the logical address.
The bank switching signal switches the connections to the
memory banks 31. The control apparatus 18 can extract infor-
mation alternately from memory banks 31 by using the bank
switching signal.

The input/output section 64 of each test module 20 receives
such a command from a control apparatus 18. When a com-
mand is received, the input/output section 64 judges whether
the module number contained in the received command
matches the module number of the test module 20 that
includes this input/output section 64. The input/output sec-
tion 64 discards the received command if the module numbers
do not match.

If the module numbers match, the input/output section 64
judges whether the set of the site number and context number
contained in the received command matches one of the pieces
of identification information, i.e. one of the sets of a site
number and a context number, stored in the entries of the

10

15

20

25

30

35

40

45

50

55

60

65

14

assignment storage section 62. The input/output section 64
discards the received command if the sets of site number and
context number do not match.

If the sets of a site number and context number do match,
the input/output section 64 acquires the received command.
In this way, the input/output section 64 can acquire the com-
mand when the command is received from a thread 40 and
control apparatus 18 to which are allocated one of the testing
sections 32 of the test module 20. In other words, the input/
output section 64 can discard the command when the com-
mand is received from a control apparatus 18 and thread 40
that are not allocated thereto.

The input/output section 64 supplies the pin map table 66
with the logical address, the site number, and the context
number contained in the acquired command. The input/out-
put section 64 supplies the accessing section 74 with the R/'W
flag. The input/output section 64 supplies the DUT map table
68 with the site number and the context number contained in
the acquired command.

FIG. 12 shows an exemplary connection between a test
module 20 and four DUTs 300. In the example shown in F1G.
12, each of the terminals of the DUTs 300 connected to the
one test module 20 is connected to a pin corresponding to a
different one of the testing sections 32 in the test module 20.

A logic pin number is allocated to each terminal of the
DUTs 300. The logic address is information designating one
or more of the logic pin numbers.

A physical pin number is allocated to each testing section
32 of the test module 20. The physical address is information
designating one or more of the physical pins.

The pin map table 66 stores connection information
between the terminals of the DUTs 300 and the testing sec-
tions 32 of the test module 20. For example, as shown in FI1G.
12, when simultaneously testing four DUTs 300 that each
have eight terminals, the pin map table 66 stores information
indicating that the first, ninth, seventeenth, and twenty-fifth
pins (physical pin number=1, 9, 17, 25) of the test module 20
are connected to the first terminals (logical pin number=1) of
the DUTs 300. Furthermore, the pin map table 66 stores
information indicating that the second, tenth, eighteenth, and
twenty-sixth pins (physical pin number=2, 10, 18, 26) of the
test module 20 are connected to the second terminals (logical
pin number=2) of the DUTs 300. Similarly, the pin map table
66 stores the connection relationship for the third to eighth
terminals of the DUT 300.

FIG. 13 shows an exemplary conversion from a logical
address to a physical address performed by the pin map table
66. Upon receiving the logical address from the input/output
section 64, the pin map table 66 references the connection
relationship between the testing sections 32 and the terminals
of the DUT 300, and converts this logical address into a
physical address.

Specifically, in response to receiving a logical address, the
pin map table 66 outputs a physical address identifying one or
more testing sections 32 that are connected to the terminal of
the DUT 300 identified by the logical address. As a result, the
pin map table 66 can output a physical address identifying
testing sections 32 connected to a terminal designated as a
control target by the acquired command.

For example, as shown in FIG. 13, it may be assumed that
the pin map table 66 receives a logical address identifying the
first terminal of the DUT 300. In this case, the DUT map table
68 converts the received logical address into a physical
address identifying all of the testing sections 32 connected to
the first terminal among the plurality of DUTs 300, and out-
puts this physical address.
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In the connection example shown in FIG. 12, when a logi-
cal address identifying the first terminal of a DUT 300 is
received, the pin map table 66 outputs a physical address
identifying the first, ninth, seventeenth, and twenty-fifth pins
(physical pin number=1, 9, 17, 25) of the test module 20
connected to the first terminals of the DUTs 300.

The pin map table 66 may switch the referenced connec-
tion relationship for each thread 40 and each control appara-
tus 18, i.e. for each type of connected DUT 300. In other
words, the pin map table 66 may switch the referenced con-
nection relationship according to the site number and context
number supplied from the input/output section 64, and output
the corresponding physical address.

FIG. 14 shows exemplary candidates for a physical address
identifying DUTs 300 to be test targets, stored in the DUT
map table 68. The DUT map table 68 outputs a physical
address identifying the testing sections 32 connected to one or
more DUTs 300 that are to be test targets, from among the
DUTs 300 connected to the test module 20.

In the example of FIG. 14, the DUT map table 68 stores
candidates for four physical addresses. More specifically, in
this case, the DUT map table 68 stores candidates for a
physical address in a case where the first DUT 300 among the
four DUTs 300 is the test target, a physical address in a case
where the second DUT 300 among the four DUTs 300 is the
test target, a physical address in a case where the first and third
DUTs 300 among the four DUTs 300 are the test target, and
aphysical address in a case where all of the four DUTs 300 are
the test target.

The DUT map table 68 outputs one physical address des-
ignated by a pointer stored in the pointer storage section 70,
from among the stored candidate physical addresses, as the
physical address identifying the testing sections 32 connected
to the DUTSs 300 to be test targets. Prior to the execution of the
test programs, the control apparatus 18 selects the DUTs 300
to be test targets, and writes the pointer in the pointer storage
section 70 to set the selected DUTs 300 as test targets. As a
result, the DUT map table 68 can output a physical address
identifying the DUTs 300 to be test targets of the test pro-
grams.

The pointer storage section 70 stores a pointer for each
thread 40 and each control apparatus 18. The pointer storage
section 70 switches the pointer according to the site number
and context number supplied from the input/output section
64, and outputs the corresponding information. As a result,
the DUT map table 68 can switch the DUTs 300 to be test
targets for each thread 40 and each control apparatus 18, i.e.
each type of connected DUT 300.

FIG. 15 shows an exemplary process performed by the
AND circuit 72. The AND circuit 72 calculates, for each
corresponding bit, the AND of the physical address output
from the pin map table 66, i.e. the physical address identify-
ing testing sections 32 connected to the terminals that are
control targets, and the physical address output from the DUT
map table 68, i.e. the physical address identifying testing
sections 32 connected to the DUTs 300 that are test targets.

For example, as shown in FIG. 15, when four DUTs 300
that each have eight terminals are tested simultaneously, the
AND circuit 72 receives from the pin map table 66 the physi-
cal address identifying the first terminals of all four DUTs
300. Furthermore, in this case, the AND circuit 72 receives
from the DUT map table 68 the physical address designating
the first and third DUTs 300 among the four DUTs 300.

In this case, the AND circuit 72 calculates the AND of each
bit for these two physical addresses, and outputs an output
address that designates the first terminal of the first DUT 300
and the first terminal of the third DUT 300. In this way, during
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testing, the AND circuit 72 can supply the accessing section
74 with a physical address indicating the testing sections 32
that are to exchange signals with the DUTs 300.

While the embodiments of the present invention have been
described, the technical scope of the invention is not limited
to the above described embodiments. It is apparent to persons
skilled in the art that various alterations and improvements
can be added to the above-described embodiments. It is also
apparent from the scope of the claims that the embodiments
added with such alterations or improvements can be included
in the technical scope of the invention.

The operations, procedures, steps, and stages of each pro-
cess performed by an apparatus, system, program, and
method shown in the claims, embodiments, or diagrams can
be performed in any order as long as the order is not indicated
by “prior to,” “before,” or the like and as long as the output
from a previous process is not used in a later process. Even if
the process flow is described using phrases such as “first” or
“next” in the claims, embodiments, or diagrams, it does not
necessarily mean that the process must be performed in this
order.

What is claimed is:
1. A test apparatus that tests a device under test, compris-
ing:

a test module that communicates with the device under test
to test the device under test; and

a control apparatus that executes a first test program and a
second test program, stores an execution order of the
first test program and the second test program, causes the
test module to perform a first test and a second test
corresponding respectively to the first test program and
the second test program, receives a first test result cor-
responding to the first test and a second test result cor-
responding to the second test from the test module, and
performs result processes on the first test result and the
second test result in parallel such that, among the result
processes, a predetermined result process common to
the first test result and the second test result is performed
on the first test result and the second test result in an
order indicated by the stored execution order, wherein

the test module includes a first memory and a second
memory that store the first test result and the second test
result, and

the test module performs the first test and the second test
such that at least a portion of a result processing time
period of the first test, which is from when the first test
result stored in the first memory begins to be transmitted
to the control apparatus to when performance of the
result processes on the first test result by the control
apparatus is finished, overlaps with at least a portion of
a test execution time period of the second test, which is
from when the second test is begun to when the second
test result is stored in the second memory.

2. The test apparatus according to claim 1, wherein

the test module starts to perform the second test using the
second memory at a timing at which a test execution
time period of the first test using the first memory is
finished, the test execution time period of the first test
being from when the first test is begun to when the first
test result is stored in the first memory.

3. The test apparatus according to claim 2, wherein

the test module starts to perform the second test using the
second memory in parallel with starting transmission of
the first test result stored in the first memory to the
control apparatus.
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4. The test apparatus according to claim 1, wherein

the test module stores test results corresponding to sequen-
tially executed test programs alternately between the
first memory and the second memory for each test pro-
gram.

5. A test apparatus that tests a device under test, compris-

ing:

a test module that communicates with the device under test
to test the device under test; and

a control apparatus that executes a first test program and a
second test program, stores an execution order of the
first test program and the second test program, causes the
test module to perform a first test and a second test
corresponding respectively to the first test program and
the second test program, receives a first test result cor-
responding to the first test and a second test result cor-
responding to the second test from the test module, and
performs result processes on the first test result and the
second test result in parallel such that, among the result
processes, a predetermined result process common to
the first test result and the second test result is performed
on the first test result and the second test result in an
order indicated by the stored execution order, wherein

when a result process performed on the second test result
immediately prior to the predetermined process ends
before the predetermined process is performed on the
first test result, the control apparatus postpones perfor-
mance of the predetermined process on the second test
result until the predetermined process is performed on
the first test result.

6. The test apparatus according to claim 5, wherein

the predetermined result process is a final process, which is
performed last among the result processes performed on
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the first test result and performed last among the result
processes performed on the second test result.

7. The test apparatus according to claim 6, wherein
the final process is a process to classify the device under

test according to the test results.

8. A control apparatus for use in a test apparatus that tests
a device under test and includes a test module that commu-
nicates with the device under test to test the device under test,
the control apparatus comprising:

a memory for storing an execution order of a first test

program and a second test program, wherein

the control apparatus executes the first test program and the

second test program, stores the execution order of the
first test program and the second test program, causes the
test module to perform a first test and a second test
corresponding respectively to the first test program and
the second test program, receives a first test result cor-
responding to the first test and a second test result cor-
responding to the second test from the test module, and
performs result processes on the first test result and the
second test result in parallel such that, among the result
processes, a predetermined result process common to
the first test result and the second test result is performed
on the first test result and the second test result in an
order indicated by the stored execution, and

when a result process performed on the second test result

immediately prior to the predetermined process ends
before the predetermined process is performed on the
first test result, the control apparatus postpones perfor-
mance of the predetermined process on the second test
result until the predetermined process is performed on
the first test result.
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